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Abstract— .

‘1’hc applic:ition  of NASA’  s,/i~,~/~’/-l~t(~ cc-tcf~f~c~c~ initiative C; III clc:Irly  bc found in the design of (Ilc OLIICI SOIM
Syslrm ])l:IIIcl:Ir}J  s])zIcccI:If( (o I’lLI(o (Slachlc,  C( a l .  1992 aml l)ricc, ct al, 1996) or llIIop~I, w’hicb p l a n  (0 achicvc
atnbilious  scicnliflc  objcctiws al a fraction  of Ilm cost  ofpmvious dccl>-spdm  missions  (I)yson  1995).  ‘1’his  can o n l y
be ochicved  by majorchangcs in lhc way the spdcccmfl  is designed, monagc(l,  and opcralcd, as well as in the way
advd I~L’d (cct II K)]op,y  is inscrld in to  ltIc flig,lll ami gtouml  sysknl. A d v a n c e d  lcchllo]op,y pl:lllnin~,  kchlloloyy
(tl’\~’lol>]llct]i,  valid  ;llion and inscl(ion  plny a Imw plolnincn[  lx)lc in (Iw m i s s i o n  d e s i g n  and prc-plx)jccl  p h a s e .
l)lalnalic  reduct ions  in miss ion I i fc-cycle  cost  Imy be achicwxt  by lcvclag,ing  (IN2 on-goinp  n;i(iondl tcclInol(Igy
piprlinc fton]  induslty,  acadcmi:i, OIIICI- nzition:ll I:lkr:i[mics, as vwll as fr(~]n SIII:III b u s i n e s s e s .  An Outer  Solar
SyslcII~  leclIIIoloyy  rondmap  that is consis[cnl  and alip,nd  will} [Icotlcsl>otl[lillg” comll]ctcial  lcchnolog,y  Ixmltnal)  i s
OIIIILIILIOI bcncfil  [() 1x)(II (IK c(m]mctcial  SCC(OI  ;Is well [IS 10 sp:Icc scicncc.

‘Iwo spcciflc  (ccht~ology [IIC:IS  w i l l  bc d i s c u s s e d  in more ddnil ill (IK rcmaindcl of I b i s  pnpcr:  :Idvan(cd
Illicroclcctlot]ics”  tcchnolopy  and :Idvanced  SO I’[WWIC cn~inccrin~,  (’onsidcr [hc C:IW of ad\mIIccd Illiclt)clcctrotlics
tcchnolog,y”  f(w low-power  highly  ]L’lial>lc and highly  in(cf,mlcd  syslcms.  ‘lhis technology is cruci:ll  for [hc reduction
of nll spwxr:lf[ clcclronics into  a single inlcgtnlcd  functional  syslcm  tlInl \vill d r a m a t i c a l l y  rcducc  lhc spacccral’(
IN; ISS, VOIUIIW, ad l~()\\ct-c ()tls Lltlll>li()t].  ‘1’his will in ICl LIIII, reduce [hc I()[;il sp:Irccrall nnd launch  vchiclccos(.



h4(Jt covcl, (Ilis (cchnology  will also  bc of’ g,tca( bcncf ’1( to [hc fns( yt owing  mobile  and pot (able  conlputing  atd
gl(d):ll Collllllll[]ic[i[ioll”  commercial  industry,  ‘I’ccl IDology (t i(tlsfil  nod insei[ion  w i l l  occ LIt in  boll] (Iircctions,  [hlls
ci cu[ing  ii sync Igy (lint will ~ivc a ncw ]ncaning  [() N A S A  :IS a ]}o(io]ml Icdcl it) tccl)mlogy dcvclopmcn(  (11:1( also
s(imulatcs  (hc co]nmcrcial  ind Llslty. ‘1’hc sccon(l  tech I)ology” aica discosscd in (his p a p e r  in moIc  (Ictuil is sof[wmm
cnyil]ccling  foI h igh ly  rcli:lblc  rc;ll-(imc  appl ica t ions ,  llccdu~c  dccpspncc missiotls  hdvc (o pcl~onn  ]cli:lbly  ovcl
vcly  long pcl i(ds of lime, so flwntc  lcchniqucs will bc (Icvclopctl  for systclnalic and schc(lulc(l  so flwatc  upgid:lllility
:Is i}cw lcchniqucs a n d  alg(n itlluls  atc dcvcl(q>cd on SI’OU[](I,  Sof ’lW:llC  (CCh I)i(JllCS  CLll”l”Clltl~  OOd C1’  lCSC:llCtl  [111(!

CIL’\’clo]llllL’l)t, jot sof(warc  self-]l]:li]ltcllallcc and self-tcpnir, f:illll-l>ro[cc(iol]”  and self-Tll:itl:Igct]lcrll, may bccomc
m:i(uw si,gnil’icdn(ly dllcr  IZIUIICII  ao(l yc( limcly  lo] I“light cncoulllct. ‘lhc  dcvcloplncnl  or such :Klvancc(l iolclligcnt
:In(l adap(ivc  soflwarc  sys[cms  could  bcncfil  Ihc f’nst growin~  u’otl(l-li~i(lc-l~~cl~ ( W W W )  browsing  atl(l search tools
for f’LllLllc ()]]-line i]] f’(wtnalion sys(cms.  Sof’[wuw (tm( can pcIf’0111)  tclial)ly  in lhc picscncc of fililutcs,  buys, glilchcs,
ch:in}:ill,p  cotlfigL]I:i(i(~lls, and nLImcmLls asyncl)mnoos  cvcnls  w i l l  bc of signific:lnt  hcncfil  10 tx)(ll low-cost  sp:i(.c
cxl~l(mli(m  as WCI1 m to the gIoLIn(l-bmc(l  (Iislribulc(l  inl’ot-ll]alio]]  syskms.

II) lhc following  scc[i(ms,  wc first  briefly dcscribc tlIc CLIWC]]l approoch  for t echnology  plnnning  LIscd by (hc ]’]1][.()
lixlMcss Inission  wd]ich is relying 00 technology vali(la(ion  by IIIC Ncw h4illcnnium  l)t(~gtam lkc/P.$/MIc(,  1 ]Ilissi(,n
([ ’as:lni nn(t Wilso]l  1995), (o bc launched in JLIly 1998.  WC (Icsctibc  solnc  of” (hc [cc}lnologics  bciog  pl:tnnd l~itl]lo
Il)c :IIC;I of advanced Illicroclcc(rollics”  syslcms,  Iollowc(l  by technology that  is plnnncd  un(lcr  advanced sofiwnrc
cnpincctinp,

‘I’IIX:IINO1. O(;Y PJ,ANNIN(;  N{)]{ ACC1{I.IIRAI’l;I)  lNSIKl_t’1’10N  IN’I’O K’1,l(;l]’1’

W c  oLl[linc  :1 pl):iscd appmlch towads t h e  dccclcI  dlc(l imscl tion of” :KlvtIncd  spaccbomc Icchnology  into l:IISC(
ll~issions. 13y fi(l~w})ccd,  w c  i m p l y  lccl]nolo:ics  that codblc  mow  ltm iocrcmcnt:ll  i]))l)to\ci])ct)ls  10 (hc sh(c of (tic
at (; [Imt is lcchnologics (trot rcplcscn[ a significant s(c1) fot wd. ‘1’hcsc advanced lcchnologics  would  ()( flcrwisc  nol
Casily nMtw ltlcir  way into f’uturc missions w’ilhoul a dcdicalcd technology  t’a[idalion  pmf!tam  sLlctl as the Ncw
Millcnniutt)  lk)~ram. ‘1’f~c thtcc phases pliot- (() [cchnology  inset [ion, shown  in }~igutc  1, ate:

I A(tvanccd  ‘f ’cchldogy l)CVC]OP1llC1)(  (A’1’f))
2 .  l;aIly l;ligl]l  llxl>clitllclll{tliot~
3. ‘1’ccllnolopy Validdli(m

‘1’flc dif’lktcncc  bc(wcct]  cdr]y flighl  cxllclil]lcrll:l(iotl  and flight vdli(l:[tiotl i s  that  an cxpcritncnl  i s  usuzilly a notl-
csscn(ial  clcmcnt  of’ the mission  :111(1  is 00( in atly c] i(ical palll. On lhc (J(hct hand,  technology validation implies thnl
lhc ncw tcchnolo~y  is being vali(la[cd  not jusl by the f:tct lhal i( is bciny  flown io space, 1>0[ (hat it is pctf(wmil~g  ils
inlc]dc(l f’Llnc[i(m wilhio  Ihc :u-lual missi(m,

:l:cchllolo~ lkw’lopnlcnl

‘1’ccl)nology” (Icvcloptncol  planniog  mllst strongly  Icvcmp,c lhc owpoing  odlional  technology pipeline, and seek to
cslablish tally pwlncrships wi th  o ther  govcmmcnt  apcncics  tll:ll hnvc ot]-goin~”  tccllnolo~y  [fcvciopmcn(  plograms.
1(01 cxol)lp]c,  the l)cfcnsc A(lvanccd  Rcscnrcl)  l’i ojccts A g e n c y  (l) AI<l)A) hos [In ()]] -goinp  progt:im  in lJl[t;i  1,OW
I’owcr  1 ilcclmnics; 1 )qmttmcnt  of’ l;tmrp,y (I)oli) has an advancc(l  pmp,lam  in l<d(lioisotopc  l’owcr  S(mlccs  (1{1’S).

1 id]ly l“fishl cxl>criillcr](~lliol] shoul(t bc app]ic(f to (I)c vcIy hiyll-l-isk Icchno]ogics  tt]al arc still in lt]c ear ly  slagcs  of
dcvclopmcn(,  and which  would  signil’icao(ly  bcncl](  l’r(ml cxlx)s  LIIc to a rc:llistic  t di:ition c]~vimnmctlt.  Not cvct y
ncw lccl] nology” needs 10 go tllmugh  cxl~ctit]lctl(:l(iofl, Motcwvcr,  not ever y ncw Icchnolopy  needs v:ili(lation  ooly in
space; (11:1( is some  Inay bc validulcd  ()]] (hc gIWLIIId  vitl testing, ct]~~ito[]lllctlt:lt slmss,  or cl’cn ra(lialion  (csting.



1,.l::l(llt::,)  111[,111!  lll.ltl, i<.:k,\s,\, i)( )[) 1[1:1,1.1). S,,ll[,r,,,l 1,:1.  J\i,!.1.1111.1

Id(ii-JRli 1. l’riot  (o Advancxxl ‘1’ccbnolop,y  lnscr(i(m  into a ‘1’argct I’IXJICC(,  a Ncw ‘1’cchnology  is l;irs(
lkvclopcd 10 (hc l’oint  of I iarly l:lighl  lixl>crill]clll;ilioll,  l;oltowcd  hy l;ligh(  V:llidn[ion.

‘J’cchtmlogy Validation

‘1’ccbnology valid;  ltion rcptcsct)ts [hc finttl :ind pcdlaps mos( it[lpol(iin(  s(cp pl ior to (cchnology  inscl lion. Not  otlly
is (Ilis ph:isc inlcndcd  to validalc  lhc (cchuology,  bul it c[trl also  Im)vidc  [or lhc fioJ]-rL’cLIttirlg cngincctitt~  requi ted  10
rcducc  lhc 101:[1 cm{ 01” lhc largcl  miss ion ,  II) Ihc cosc of Itlc l)luIo IIxprcss  m i s s i o n , it is highly  lcvcmyillg  t h e
uut[cn(ly  pl:inmxl New’ Millcnl~ium  l)cc]j-.$pacc  1  sp:Iccc  IiIft, wl]iul) w i l l  laLInclI  i n  J u l y  1998.  ‘1’tlc ptoccss ()[
lccl]l)olog,y” sclcclion foI va]idalion  on [hc Ncw Mil[cnni  Ltin fliyh[s  is partially dc(crmincd  by tbc scicm’c  objcc[ivcs  in
(IK ~ ] S1 ccnl  LII”y and in pat’1 by Ibc immcdi:lte  needs of ptojcc’ts  (in lhc ncw lni]lcnnium)  thnt :11’c aclu:i] cus[onmt’s. In
t h e  Last  of 1’ILI[(J  and (IIC N c w  Millcnniutll  l’rogI:III), rc:ular sla[us Ilwclings ;Itc held to coordinalr”  t e c h n o l o g y ”

v:llid:ltion  and technology insertion. A st~a]]-shd  of [his (ccbtlology” ncgo[ia(inp  list is shown  in ‘1’able 1 I)clow.

‘1’IIC  Cllrl’cl)(  ]’]U(()  liXINCSS  Icclmology”  plw inclu(lcs (I1C npgrcssivc inscllior] o f  advanced  l))icroclcctlol)  ics”

lccllnologics” inlo ils bnsclinc  mission,  ‘1’hcsc  inclm!c:
● A d v a n c e d  ll~icloclcc(lol~ics” p:ickaging  tcchnolo~ies such as standa[  d si/.cd Multicbip MOd LIIC  (h4(’M)  pnckapcs,

3)) c h i p  s[acking,  and 31) M(:M  s(;lckin~,  for a highly  intcgmlcd  fLlnc(ior~al systcm  (’1’cncfm[gcs atd Allwlni
1994).

● Adv:Inccd  low power (cctlniqucs,  including IOW-VOIIZIRC,  lnict[~-powct  m:inagcmcn(,  hig}]ly in(cyl :Itcd solid S(:IIC
powct switches, high-cflicicncy pom,cr cony’c]lcm, c(c.

● Rclioblc  nnd dialion  Iolcr:int  commcrcidl  Icchnolo:,y  (w41ctc a p p l i c a b l e )  cwmbincd  will) radid(ion  hmlcncd
(ccbnolo~,y for cri[ical  alq>lic:t[ions, SUCII  as the ccn[till  p (xx>ssing uni( ((’1’(1)  (Undctw’(md and Alk~ll:li  1996).

● ~’omponcnl  Icvcl lcdun(lancy  10 incmsc sys(cm  Icvc] rclial)ili[y  while slill ll~ainl:linitlg a Ilip,hly  integrated, low-
nmss,  and low vol LImc. avionics sys(cm.

● 1  li:h pcrforInaIwc  compLIlcIs with scalcnblc  clock  wlc :IIKI power  consulnplion,  that can opcra~c in dwl lock-
S(C]> IIIO([C  :1S :1 hot t)dL’k  Llp 01”  21S :1 Cold  S] XII’L’,

● ‘1’IIc  usc of’ ol~ly s(nndml in[ct I_accs and whcm  poss ib le  cx)]ntncrcidlly  succcssfLIl s(andards,  such as the }’(~1 (m
IIiglll<cl  l’(~1) Ioc:tl bus, J’1’A[i bLIS  for ]cal- l ime (cs(ing, sl:IIKi:Ir(l  set’ial bLIscs, (Alkal:li  c1 a]. 1996) etc.

]n ];igutc! 2 w c  s h o w  a gl”dphicai lL’1>l’CSCl)[;l[  iol) of lhc ~]) f]igbl com]llllci’ Ihal is tlCillg  Valid:l[cd by lhc N c w
Millcnniuln  lk’r/j-.$p{Icc  1  miss ion .  11  consisls of’ a 4 laycl 31) h4(~h4 s(:wk of ‘ s l i c e s ’ tha( conwin  ti 50-M}17
R; K16000  [’1’11, 400” h4by[c’s  of dynalnic  mcmc)ry, 12X Ml)y(cs  of n(mvol:i[ilc l))ct)mry, and a fibcl-optic 20-h4klz
SC1’iill  bLIs.  ‘1’hc /)(’cp ,Sp(icc 1 mission will Nlw vnlidalc  two :d(litioll:ll  lccllnologics  of’ grczll impor[:mcc  10 the 1’111[0
1 lxpIL’ss Inission: ‘1’hc lll[ro 1.OW 1’OWCI I;xpctilncll(  (Im(  con~is[s  of ().18 tnic[t)n  fca{um size 1.() vt]l~ (’M[)S S 0 1
lcchl~olopy (fablica[c(l  al M [’1A,1, and s p o n s o r e d  I)y  I) AI<l’A); zit](l lhc l)OWCI Ac(ivatiol}  and Swilchinp  M(XIIIIC
(1’ASM) (hat is I)cil]g dcvclopcd  j o i n t l y  b y  IIocing, I ocklIccd  h4:\r(in ;ind Losp)nsorcd b y  (he 1’Iu(() lixpwss
A(lv:Lnccd ‘1’CChllOl(&y l) CVC]OplllCllt ])1’()~l”alll.



No(c:  ‘1’hc Ncw  h4illcnnium  dc~~loptnen(  pmlml)ili(ics  Icpwscn[ CLImm plans to lkcp Space 1 (1)S 1 )
flight , Im( arc subjcd 10 chnngc.
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1’1,11’1’0 lCXJ’l{ESS  SOK’’1’WARR  AN1) AIJ’1’ONOMY

SLILTCSSfLl]  dCVC]oplllCllt  or m i s s i o n  Sotiwllc is a lomidol)lc  chnllcI)g,c  for upcoming  N A S A  m i s s i o n s  w~[h
suh[dnl  ial ontmlt(t autonomy. Colnplcx  Sof(wlll”c Sysl(?ms, even those dcvclopc(l  by qu[:iblc oqylni7aliom, have

t]ad d Icndcncy  (() f’nil. Rcccnl  sof[warc  dcvclopmcI)l  nigllll))[ir~s ,  such ZIS [IIC l)cnvcr ln(crnntionzlt  Airpor(  hngg;lgc
Il:lmtiing syslcm  and lhc’ A1-iam 5 f:lilLlrc rclniwi  LIS of this pt’ot)]cm, };ar]y in lhc ]ifc’ of [hc projccl, (k’ 1’]L](() };xpt”uss
~ciIm lw~an  I:lking,  crilicd slqs 10 minimim  COSI,  scl Icdulc,  atI(l technical  risks  associnld wi[h missi(m  sof[wnrc.
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lksi~n and lkwclq)tmnt  Approach

Al Ihc Ilig,llcsl Icvcl,  (hc apl)rtmch  t:tkcn in developing I’ILI(()  I ixptcss  sof[w:itc  is in flLmncd  by a ~,ision  for :1 hiyllly
IIltxlul:ll  syslclll  sollw,alc  ;Itcllilcc[utc  11):1( can Iw c;isily con[’If  LItcd I’ot :1 givcll Inissiotl, “1’t:(l)sitiot]it]g  II]is I,isio]) itl(()

rc:ili(y rcq Llircs II)al iI dcvclopmcn[  mctllmlology  atd alclli(cclu[  c CVOIVC f[)l 1’ILI(o  lixpcss (11:1[ cl(wcly  pmillc]s  (IIC
diwc(i(ms  of (hc c o m m e r c i a l  scc(ot today.  McII)(KIs for cons(ulcting  :tpplicatior~s by awcmbling K- LIS:I1>IC so f(wwrc
L’oll)poncnls” Ilnv(’  Cmcl”gcd in indus(ty  :Is a  highly plodLlc(ivc and  \vi(lcly acccpk -cl way 10 develop  cus([)ln
q>plic:ltions,  Llsc of’ tools  such  as Java fncilitatc  (Icvclopmcn[  o!’ a coll~[>(~])c[][-l):isc(l, c(~mpac(,  and plat~(wlm  ncu[tal
SO f(\WllC  illL.l)i(CL’(lllC  f’ol”  ill~])(  [11)(1 ~lo[lld  SYS(CII)S. ‘]’IIC ]’111(()  ] ;XIIIL’SS  (CS(kl  ;l])pl’odCh  1)1’OVidCS  :1 IIICIIIIS  1’01

invcs{igntil)g lhcsc  and olhcr  exciting  appIoaclIcs  Jot low c(Ist dcvcl[)pl  IIct)t, low cost  o p e r a t i o n s ,  :Ind maximutn
wusnh ilily.

‘1’lw dcsig,n vision  for I’IL]10  lixpcss syslcm  sofiw;iIc  :IIs() in~olvcs  ctc’d(iug Ilighly l{)t)Lts[, opcrd)le, au(ot]omollsj
inlc~m[:iblc  and cvolval~lc  cnd-twcnd syslcm  for OLIICI  pldnc(  m i s s i o n s .  l[mpll:lsizing  ro13LIs[tlcss  is IIcccssaIy  g i v e n

llla( (Ilc l)titn:uy  Inotivd(iot]  for t h e  mission  is  10 ]clutn  scicllcc  do(:i. l)csigning for opcml)ili(y  :(MI autonomy  i s
ilnp(wlan[ (() s l a y  within  m i s s i o n  opcld[ions  cos[ Lwnslmitlls, l;rcqucn[  and car]y  inlcgra(ion  IOWCIS ovcI:ill
dcvclopmcn(  cost  by Icsolvitlg  design disconncc[s  c[tt Iy in (IK (icsign  process , Iksigning for cvolv:ll)ility  cnsutcs
llI:If  adqualc  m:wgins cxisl  and (hat Ihc OVCMI1  sol[wdtc  [II ulli[cc(urc  can supporl  pos(-launch  soflwwc  upg,t:dcs
Ihloughou(  the long ctLlisc pcliml.

Al (I]c working  ICVC1, t h e r e  arc  SCVCI:II  w:Iys in which  Itw l’]u(o Ilxplcss lc:itu i s  Inccliny  [hc challcngc of
deve lop ing  :1 SllCL’CSSi’Lll  Sof[walc  sys(cm. A  SO1’IWUIC  m:in:igcmcnt  pl~ilmoplly  has been adop(cd  that is based m
II;] ; ]  \ Incllmds  f’oi minimizing  I’isk lllroLlgtlm!( dcvclopI)lct]t,  A p! ojcct  lcdln apprmch  10 conc  LII’tcI](  cngincct’ing  o f
h: Itclw;itL’, soflwztIc, d mission opctalions is itnp]oiing  (I1c OVCMII Inission  design. Iixlcnsivc [cs(txdding catly in
Ilw dcvcloplmnl  pt(n’ss is ;IISO lcsLll[ing,  in a I>cl(c[ des ign  and is :1 IIlcnns l[JI- c:(tly cv:llLl:ilion of po(cnti:ll  sof[wzltc
lccllnolop,ics,” Virlunlly  all pN)jccl (cslbcdding  (Ilardw:lw  :Itd  M) I”(wwc) h:is been cm)rdin:llcd  by the soflware  primary
accoLltlliil)lc k’nllj Incmbci  10 plncc fLIIll ICI ctnpha~is  on [I]c ill~lx)t t:ince of so f[w:irc 10 lhc OVCMII lnission  des ign .

Ncw  ‘1’cchnology  lmcrtion



I’Iu(o 1 ixpcss has pvxipito(cd dcvclopnmn[  01 :iu(f)nomous  slmccct:if[  :1( .ll’I.  MWII of’ WI)ZI( lhc Ncw  h4illcnnillm
1’1 f)~,tam h:~s become  in Ihc arcd of onbo:id  a u t o n o m y  wds sh:ipcd  u’i(h ir]put from (IIC l’l LJto }~xpwss Icnln. ‘1’hc
llcacx)n Mt)ni[ot  tcchno]ogy  (Wy:I(t aml ~at tawwy 1995) was conccivcd  11011)  }’l UIO IIX]NCSS  tcattl  mcmbcis in
ICSIX)IISC (o IIIC n e e d  10 Icducc  Ic]cmc(ty  II”acking (1111  it): cl uisc. With this lcch II()]()gy,  flight soflw’atc will SC]CCI  mm

of four sut~cawicl  frcqucncics (0 noti[>  1OW-COS(  grOLIIId  mIlcnn{Is  tlIc LIIgcncy  with w h i c h  lhc spacccmft  n e e d s  (() bc

tmckc(l for cnpinccring  Iclcmc[ry  during, crLlisc. When lhc Ionc indicalcs  that  tracking  is m]uircd, lhc sp:icccrafl  will
sutnln:lrim  oI)lm:IId c o n d i t i o n s  s i n c e  (k Iasl p:Iw and will d[lwnlillk  “in[clligcn(”  summalics. I inyinccring  d;lta

sllll~rl]:lli~,:[[iot~  and “bc:icot~ monitor”  opcra(ions  arc hcit~p dcn)oms(rn[cd on NMI)  1) S- 1 (() vnlidntc  the tcchnol{lgy
f(~l” fllll-llp  USC 01)  ]’]LII()  ]; XIWCSS.

‘I’l  Ic  a s - l a u n c h e d  d e s i g n  w i l l  II:IVC  s i g n i f i c a n t  ncw lccl)nology”  conlcnl 10 Imcl initial  rcquircmcnh for low CI)SI

()[)Cl:l[i()llS. } ’ ] 1 1 [ ( )  liX])l’CSS  tCS[bCd  pl’ok)t~pCS  :1[1’C:ldy Colll:lill ~hC ]:liCSt  \’CISioIIS  O f  SOf(W;llC fot  CollllllCICi~]
spacclx)L]ItK opctalit~g  sys(ctns,  (clcmc(ry  managcnlcn[, aml in[ctpmccss coll~tllllt~icntiol~.” AI] on bead cxccutivc,

witl~ hcritn~,c from Ncw  Mil lennium J%ogt:Im 1 ) s -  1 Soflwm” 01” IIllcl”f:lcc &! [’01)1101” Syslcm’s  S(’1  . (Spaccmlll
[’OIIIIIKIINI  I Angudgc)  will bc u s e d , II] ddilioll 10 adal)[ing lhc ld[cs(  p r o d u c t s , Ihc {Is-l  allnchcd  Soflw’:llc

con figur:tlion  \vill c o n t a i n  ncw lcchniqucs  for onlxmd  dn[a sLlll)tl)[lli/.:l[iot), hcacon moni(ot opct:llions,  and  n c w

nppl  [Nlchcs  10 faull p]olccliml  ( i n c l u d i n g  prolcc lion dgninsl .wt/f)IY/rc fnilurc  s).

A I cncountcr,  ftom  a technology s[nndpoint,  the mission c:in only bc cxci(ing  in sof[warc. ‘lhc  hatdwdrc  wil I be

old, hut will bc designed to accotnmodalc sLltJst/tn[ial  ncw s(~flwwrc during  lhc Ionp cruise pctiod. Scvctal  addi[iotlal
lccllnologics” atc b e i n g  invcsliga[cd  fot” posl-l:kuncl] lnigta(i(~n into Ihc flight  syslcm  archilcc(urc. ‘lhcsc  include

Nu((mn(cd crLlisc scicncc, onbom d planning, nnd autonomous nmncLtvcrs. l’ayoffs  could  incltdc incrcascd scicncc

ILsILII n :Ind Iowcr  opera t ions  cosl  w’i(h Iil(lc 0] no incwnsc  in IIlission risk. ‘1’hc ICSLIIIS  from (hcsc  invcstig:ltions  mny

drive lllc ovcrtlll  flight  and gIoLInd syslcm  (icsign.

Null Mission SiIl)UliltiOll

Mission  dcvclopmcnt  cfl’ot[s prior  to }’hasc C’/I) will cLllmin~l(c in a full-mission sitnul:l(ion  ca]mhility.  ‘1’hc ability
I() “I<Mc II)c mission’” over  [III(1 over  again  in silnulalions is c1 iliua] 10 I cval Llating, lhc cllcclivcncss  of lhc cn(l-[()-ctd

d e s i g n .  N c w  sof[warc lcchnologics will bc validalcd  pt”c-ldu!lch and t h e  cffcctivcncss of faLIll plotccli(m sof(wwc
3 plovidcs an ()\,crvicw,  of llIc col)}lx)l)cnts  of a fllll m i s s i o n  s i m u l a t i o n ,w i l l  bc nsscssc (l. l:igurc .

subsyskmj  Sin]uk)tior]s Spaccctaft [)ata Systc?nl f n vitontm.wt Simitiations

cllIuil
WAC Flack
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1’1[;(11{11  3. lull M i s s i o n  SimLil:ttion [kmponcn(s (SMOH1 = Simula(cd  hflission  Opctations [’on[rol  (’cntct).
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I’lu[() lixpILss  car]y sys(cm  dcvclopmcnt  is king pcrlortncd a[ the Jet l’topulsion  I ahora(oty  in IIIC }:ligh[ Sys(ctn
‘1’cs(lvd (1 S’1’)  and in a (cs(lmd Ioca(cd  at (IIC LJni\wsity  of’ Colorado” Spwc GIaI)( Consortiuln.  ‘J’l)c JP1, };S’l’  is a
lacilily sl)mxl by nc.w flight  pmjcc(s :Incl  also  SCIVCS  as a rcl)(milory  fol ( ’ 0 ’ 1 ’ S  and govcl nmcnl  sof[uulc pr(ducts.
‘1’hc 1S’1’  is 211) cxccllcn{  cnvirontllcnt  for Icchnolo:,y  shwing  and lcvctagin~[  oJ cxtctnal cf’fotls. }’10(0 Ilxprcss  is atso
cd] Jilali7ing  on Icssons  lcamcd from olhcr  oscm of [k faci l i ty . ‘1’hc  lcslbCd [I(  lJ. (’otol’do W{IS f’lll)(lC(l  by ]’]LI(()

lixprcss to develop  Lwmponcnts  01 (hc 1 hd-twcnd Miss ion  O]mations  System  (liIiMOS). ‘1’tlc Iw’() ICs(bc(ls have
hccll  LXmf  IgLIt LXi 10 support  dislribulcd dcvclopmcn(  of’ mission M) f’lw:ilc,

In 1O’9(,,  the tcs(bcds  wctc cot)  figutc(l  a s  shown  in }:i:Lllc 4 t o  inics[ign(c issocs associa[cd  wi[h (listrit>Lllcd

(lcvclopIIIcIIt  aII(l operations. ltl this c(~t~flgllt:ttioll, coINm:Itds  wctc  SCIII frol]) a pmtotypc ground  st:ltion  at LJ.
C’OIL)I;I(I() I() n IZII get ptoccssot rut)ninp  Ili:h( soflwatc  pro[oty[)cs”  :1[ J1’I.. Subsys(em  sitnLtlalions, :11s0 rLlnning on
LY)IIIPIIICI’S  at J]’]  ., pl”odlld SLltMJWIClll  kICll)Chy  th:l( W:IS  ]MISSCd  bdck (() ~]. [k)]oflldo”  :1S Silll Llt:l(CXi  tC]Cll)C(~y.

————  “

SCL GroL!ncl  Stat ion
at Space Cirants,  EIoulder  CO

II

Con,n,ands

~~-J ,rototyp.ele”ory,,
‘EilIi-i- IN91

.—..
+------”

Internet

U+-<’<’’’<’<’.’<
SL;n SF’AF{C rLjnrling

Latwiew Pyro Simulat ion

Sin, utatecl
A n a l o g

[)ata I D a t a b a s e
Update

\
/ u Packets

k

4?,-{-

Prototype Telemetry

I [ [ I [ [

. . .

Co”>”>and, : ;
: : : : ;
: : :
: :

‘1 . :

S[,acmcralt  Con)mar)ct  L ang L)agc!  Ffl E
on H3000 processor
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SJSJ(’111  software Com[)ollclfi

‘Ihc  fli~h( soflwarc  :LrchilcclLlrc  u s e d  in pt ()(o[ypcs  10 (Ia[c i s  c o m p r i s e d  o f  mLllli-mission sof[w’atc c o m p o n e n t s

ofltitcd hy (IIC J1’1, 1:S’1’ an(i missiomspccif’ic  so f(uurc, ‘Ilm Ilighl  sysle]n  is built  Llpotl lhc V~Wotks r e a l - ( i t n c
opctating syslcm  by Wif)d  R i v e t- Syslcms. ‘J’his closs-clciclol>l)lctl(”  cnvimnmcnt  i s  hoslc(l  on SLln worksh(ions” aTd
Itmkcs LM of Ihc GNU [~/{;+ + CL’(NS compilation sys(cm.  ] ,odif)g  and  f’ca]-lime dcbLlg~,  ing arc pcf’fomcd  ovct’ [k
lN1’ I[)L’:11  alca m!lwof’k. ‘1’hc VXWorks  systcm  ]wovidc.s o flcxihlc  cn)imnfncnt  th:il has f a c i l i t a t e d  p r o j e c t

l)to(lLlclivily  to (I;I(c.  ‘1’hc mccl)at)isl))  o f  data  f’fow wi(hin  (t)c MLl]tifllission ~;onlpoflcnls  iS t h e  ‘1’lnl)lcl  lllLl]liCWl

soflwdtc  messaging syslcm. ‘lhis J ] ’ ]  -(lcvclopc(l  in(ctproccss coll~ll~llt~ic:i(iot~” pckagc “glocs”  [ogcIhct  lli~h[
sof(\valc Lump(mcnls.



Onc of the (cs(bcd  (asks  in I;Y96 mntctcd wound infusing  nn SCH .-bawd  onboard  e.xccu~ivc inlo II)c nlulti-mission
fliplll soliwarc 1’01 uplink  at]d downlink.  ‘1’hc colnponcnts  01’ (Ilis conflgLlrtllion and associald da(:l flows  arc SI)(,JWII
in }iip, Llrc S. ‘]’hc con figur:l(ion  wns dcm{)ms(ra(ul by llowiny  comm:m(ls  and (clctnc(y t>ctwccn the J]’], 1S’1’ awl (he
J ] ’ ] ,  Silllulalcd  h4issioIl ol)clalions (’f)ntm]  [kn(cr (Sh40(’[’) a s  sll{)ww in l:if,Llw  6 . Vctilyin:, the  uplink  nnd
downlink  piomsscs wwrc USCI’UI  in assessing O}rCr:Ill fidcli(y  of’ (Iw Iligh[ sofIwmtL” prototype.  Additionally, this demo
Wil\ USC[’LI1 :IS i( &l)’C 1’[11(0 1 tX~KSS SOf(Wal’C &3rCk)]>CJ’S CX])OSUF’C  [[) & OLlll(t  Soft \\J:ll C COIIII)OI)C1)[S”  USC(t  01) SC\’Cl’:1]

ongoing”  missions a( J]’]..
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1  ‘LI(utc (Iccpspcc  at)(l  I;: IIIII ohiling missiot)s  wi l l  re ly  tnotc  and mole  on (hc accclcmtcd inscr(ion  o( advalKcd
(cc’hnologics  in(o flight  sys(cms,  as a \v:Iy of’ rcd Llcing total  Iifc-cycle sys(cm  cost,  aIKl  :Is  a wiy of sus[:iining NASA’s
IICW Kdc. as a nntional tcclnmlogy lc:idcr. II) this p a p e r ,  WC dcsclibcd  lcchIIOl Ogy inscrlion for llIc I’iulo lkxprcss
pt~ptojcc(, m a member 0{ Ihc deep.space ou(cr plancl:IIy  ](]l,()(ic Inissions  whicl~ could  inclmic  [~ Iiulopa orbi(ci  and
Solw  l? ot]c. A  ph;isc(l apptoacl~  10 Icchnology  imsct [iotl wiis (Icscrilml, which  i s  ligh(ly  coup]cd  [o (I)c omgoing

tcc’lmo]ogy valid;  ilion Ncw Mil]cnr~i Lim l’mgram.  h40m)vcr, two significant technology  (htLts( arcn~ WCIC  dcscribcd:
mic] (mlcc(ronics  sys tems and  nclvat)ccd  software clc\’clopmcn(. 130(11  awas nlc clLlcial to Ihc clcsi~n of’ tow’-cml higd)t y

au[OI)OII)OL  Is” spncc missions.
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